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© Apparatus for detecting luminescent reactions. 

© Apparatus is provided for detecting luminescence pro- 
duced by chemical or biochemical reactions conducted in 
multi-well plates, h includes a plate support (9) for a multi-well 
plate 00) having a central opening (13) beneath the plate, a 
row of photo-detectors (14) disposed closely adjacent the 
bottoms of the welts (16) of the plate, and a row of liquid 
injector tubes (19) disposed above the plate support The 
photo-detectors (14) and injector tubes (19) are mounted on a 
carriage (16a) which is arranged to be advanced in steps so as 
successively to position the photo-detectors and tubes in 
register with the rows of wells of the plate (10). The plate 
support, photo-detectors, injector tubes and associated com- 
ponents are installed in a light-proof casing having a cover 
which can be opened to permit access to the plate support and 
other components. When the photo-detectors (14) and tubes 
(19) ere advanced into register with each row of wells (16) of a 
plate disposed on the plate support a predetermined volume 
of liquid is introduced into each well of the row through the 
injector tubes for instigating a luminescent reaction in each of 
the welts, which have also been prefilled with suitable reac- 
tants, and the photo-detectors sense the luminescent reac- 
tions and produce output signals corresponding to the inten- 
q sity of the luminescence produced in each well. These output 
signals are processed by a data processing unit which proces- 
^ aes the signals to enable the results to be presented tn a 
|U convenient manner. 
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APPARATUS FOR DETECTING LUMINESCENT REACTIONS 

Background of the Invention 

Certain chemical and biochemical reactions result in 
the production of luminescence and the light emitted by 
such reactions can be detected and used to determine the 
5 presence and quantities of particular micro-organisms and 
other substances. For example, thin technique is useful 
for detecting particular micro-organisms by reaction with 
suitable light-emitting enzymes. 

Chemical and biochemical reactions and other investi- 

10 gations are conducted with micro quantities of reactants 

and samples in multi-well plates having small wells or cups 
for containing the micro quantities of reactants and sam- 
ples disposed in mutually perpendicular rows and columns, 
A typical plate is moulded in one piece from rigid trans- 

15 parent material and has eight rows of wells arranged in 
twelve columns. 

It would be advantageous if luminescent reactions 
could be carried out under controlled conditions in appara- 
tus which enables the luminescent reactions to be produced 

20 in the wells of a multi-well plate and which is adapted to 
detect these luminescent reactions and produce signals 
identifying their intensity. The present invention provides 
such apparatus for detecting and moasuring the intensity 
of luminescent reactions conductod in multi-well plates. 

25 Summary of the Invention 

Apparatus according to the invention for detecting 
the luminescence produced by chemical or biochemical re- 
actions conductod in a multi-woll plate comprises a plate 
support for supporting the multi-well plato, photo-detecting 

30 moans for sensing the luminescence produced by reactions 

conducted in tho individual wells of tho plate and produc- 
ing a signal corresponding to the intensity of the lumin- 
escence produced in each well, liquid injecting means for 
introducing a predetermined volume of liquid into each well 

35 for instigating a luminescent reaction therein, and casing 
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means enclosing at least the plate support and the photo- 
detecting means within a substantially light-proof housing. 

The apparatus is particularly suitable for use with 
conventional transparent multi-well plates. When adapted 
for use with such plates, the apparatus preferably include r. 
a plate support adapted to permit transmission of light 
from the wells through the bottom of the plate support, 
and photo-detecting means arranged so as to be closely 
adjacent the bottoms of the wells of a plate disposed on 
the plate support. The plate support may simply be a 
rectangular frame which has an opening in its centre and 
on which the marginal portions of a multi-well plate can 
rest so that there is nothing material beneath the plate 
wells • 

The photo-detecting means and the liquid injecting 
means, together, and the -plate support may be relatively 
movable so that the wells in a plate may be injected with 
liquid and the resulting luminescence may be detected in a 
predetermined sequence. In this event, the photo-detectinr. 
means preferably comprises a row of photo-electric cells 
or detectors corresponding to a row of wells of the plate 
and the liquid injecting means comprises a ro\* of injectinr 
tubes disposed in a similar manner. The photocells and 
the injector tubes, together, and the plate support are 
arranged to be relatively movable so that the rows of wellr 
of the plate are successively disposed in register with 
the photocells and injector tubes, whereupon luminescent 
reactions are instigated in each successive row of wells 
ajid such reactions are sensed by the row of photocells. 

In an alternative arrangement, the plate support, 
ptxoto-detecting means and injecting means may be mounted 
iji fixed relation with respect to one another, in which 
event the photo-detecting means may comprise an array of 
photo-electric cells arranged so as to register respec- 
tively with the wells of a multi-well plate disposed on 
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the plate support and the injecting means may comprise 
a similar array of injecting tubes. 

The liquid injecting means may include any suitable 
form of pump for supplying precise predetermined volumes 
of liquid to the injecting tubes. Preferably, a peristal- 
tic pump is used to achieve accurate dosage. 

The housing means may comprise a suitable lid or 
cover enclosing the plate support and the photo-detecting 
means and openable to allow access to the support for 
positioning a multi-well plate in the apparatus. Suitable 
sealing means can be disposed between the cover and the 
remainder of the apparatus casing to form a substantially 
light-proof joint between the cover and the rest of the 
casing when the cover is closed. 

Because the photocells are arranged closely adjacent 
the bottoms of the wells of a plate disposed on the plate 
support, there is a risk of cross talk affecting the output 
signals produced by the individual photocells. In order 
to prevent the occurrence of such cross talk, the plate 
support may have a grid-like structure of opaque partitions 
within its central opening which form individual compart- 
ments for containing the bottom portions of the wells of 
a plate and shield the luminescence produced in one well 
from impinging on a photocell arranged to sense the lumin- 
escence from an adjacent well. 

As the apparatus is used to detect and measure bio- 
luminescent and chemilumine scent reactions which tend to 
emit extremely small amounts of light, the photocells may 
be connected to amplifying means having a very high gain 
for producing an adequate output signal for use with subse- 
quent processing equipment. In order to achieve the very 
high gain required, tho amplifying means includes a feed- 
back loop having an extrpmely high resistance, for example, 
of tho order of iq 11 ohms. The amplifying means is conven- 
iently mounted on a printed circuit board also mounting the 
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photocells, thereby to avoid lone lead© which attenuate 
the very small output signals from the photocells, and to 
prevent the material of the board from reducing the high 
resistance required for the feedback loop, which is much 
higher than the resistance of the board material, itself, 
the output terminal of the amplifying means, to which the 
feedback loop is connected, is arranged to be unconnected 
with and spaced from tho board. 

The output signals from the photo-detecting means 
may be fed to a data processing device which can store and 
process these signals so as to enable the results to be 
presented in the most convenient manner. For example, the 
data processing device may bo adapted to produce digital 
signals identifying the intensity of the luminescence 
produced by the luminescent reaction sensed in each cell 
and these digital signals may be displayed on a visual 
display unit and/or be recorded on a printed or punched 
tape. 

Brief Description of the Drawings 

In order that the invention may be more readily 
understood, reference will now be made to the accompanying 

drawings in which: - 

Fig. 1 is a cross-sectional view through apparatus 
constructed in accordance with the invention, 

Fig. 2 is a diagrammatic porspective view of the 

apparatus shown in Fi£» 1 t 

Fig. 3 is a block circuit diagram of the control 

Circuitry of thp apparatus, and 

" Fig. it is a circuit diagram of the amplifying circuit 
for each photo-electric cell. 
Description of the Preferred Emb odiment 

Referring to Figs. 1 and 2 of the drawings, the 
apparatus comprises a casing 1 having a hollow base part 2 
which is of generally rectangular configuration in plan 
and which has side walls 3. projecting upwardly from oppo- 
site sides of tjie base part. Hinged at h to the rear 
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vall 5 of the base part, between the side walls 3, is a 
hollow rectangular cover or lid 6 which, when closed into 
the full line position shown in Fig. 1 , forms a substan- 
tially light-proof housing in conjunction with the base 
part 2. In the closed position of the cover, the lower 
edges of the latter seat in a channel 7 fixed about the 
base part and serving to provide an essentially light- 
proof joint between the cover and the base part. At the 
front of the apparatus, the base part 2 is provided with 
a control panel 8 which may mount an on/off switch for 
the apparatus and include a visual display unit for moni- 
toring the readings from one selected well of each multi- 
well plate to be tested in the apparatus so as to provide 
a check on the operation of the apparatus. 

Mounted in a fixed position within the base part, 
adjacent the front thereqf , is a plate support 9 for a 
multi-veil plate 10 of conventional eight by twelve format. 
The plate support includes a rectangular frame 11 for 
locating the multi-well plate in a predetermined position 
by means of its marginal flange 12 which rests on the 
support. The support has a central rectangular opening 13 
corresponding to the wells 1 6 in the plate. 

Movably mounted within the opening 13 in the plate 
support is a row of photo-detectors or photo-electric 
cells 1** which are arranged to register with the wells in 
each row of the plate 10. The photocells 1U may be silicon 
detectors treated to have optimum response at the U.V. end 
of the spectrum and preferably having a large active cell 
area corresponding to the cross-sectional area of each 
well 16. Thoy are mounted on a lower cantilever arm 15 
of a movable carriage 1 6 a which is advanced, as herein- 
after more fully described, in order successively to index 
the row of photocells in register with the rows of wells 
of the plate 10 in order to sense luminescence produced in 
the wells in response to luminescent reactions conducted 
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t here in. The photocells 14 are mounted by the arm 15 bo 
as to be closely adjacent the bottoms or the wells 16 in 
order to sense the small amounts of light emitted by the 
luminescent reactions. For example, the photocells may 
be spaced about one-sixteenth inch (approximately 1.5 mm) 
below the bottoms of the wells. 

As the photocells 14 are located very close to the 
bottoms of the wells 1 6 in order to sense the small amounts 
of light emitted by the luminescent reactions, there is 
a risk of cross talk occurring, whereby the light emitted 
from one well impinges on photocells sensing the light 
emitted from adjacent wells and affects the output signals 
from the adjacent photocells. In order to prevent such 
cross talk, a grid-like structure 17 of opaque partitions 
is arranged in the opening in the frame 11 of the plate 
support. These partitions extend longitudinally and trans- 
versely of the multi-well plate disposed on the plate sup- 
port on the underside of the plate and between the rows 
and columns of wells 16 and form individual compartments 
for the bottom portions of the wells which shield the 
light emitted from one well from impinging on a photocell 
sensing the luminescence in an adjacent well. The bottom 
edges of the grid structure are spaced slightly above the 
upper surface of the photocell support. 

The carriage 16a includes an upper cantilever arm 1 & 
which is mounted on the carriage so as to be reciprocable 
in a generally vertical direction and which supports a row 
of injector tubes 19 for injecting liquid into the wells 
of the plate. fixe injector tubes 19 are disposed immediate- 
ly above the row of photocells so as to inject liquid into 
the same row of wells as is being sensed by the photocells. 

The carriage 16a is slidabiy mounted by a frame 20 
secured within the base part behind tho plate support and 
mounting a lead screw 21 which engages a cooperating nut 22 
secured to the carriage in order to advance the carriage 
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relative to the plate support and the multi-well plate 
disposed therein. The feed screw 21 is rotated hy means 
of a stepping motor 23 which is precisely controlled in 
order to advance the carriage in steps so as successively 
5 to index the photocells and injector tubes 19 in regis- 
ter with the rows of wells of the plate* At each step, 
the injector tubes are lowered into the row of wells 
therebeneath, so as to introduce a predetermined volume 
of liquid into each well of the row, and are then raised 

10 from the wells preparatory to the next step. To achieve 
this movement, the upper arm 18 of the carriage is slid- 
ably supported in a vertical slot 2k in the carriage and 
reciprocating movement of the arm is controlled by a 
parallelogram mechanism .25 secured to the frame 20 adjacent 

15 the carriage. This parallelogram mechanism comprises a 
member 26 fixed to the frame and connected by pivoted 
parallel links 27 to a movable member 28 disposed parallel 
to the fixed member 26. The movable member 28 has a slot 
29 extending along the length thereof in which is engaged 

20 a pin 30 projecting from the arm 18, whereby the latter 
is reciprocated in response to movement of the parallelo- 
gram mechanism 25. The mechanism is actuated by an AC 
motor 31 which is coupled to one end of the movable member 
28 by a connecting rod 32 and a crank device comprising 

25 a wheel 33 secured to the output shaft of the motor and 
connected to the connecting rod 32 by a pivot 3**. Rota- 
tion of the wheel 33 by the motor rocks the parallelogram 
mechanism upwards and downwards and, via the pin JO, 
reciprocates the arm 18 ancj> hence, the injector tubes, 

30 in a vertical direction. The slot 29 coupling the member 
28 to the pin 30 permits reciprocation of the arm 1 8 as 
the carriage is advanced relatively to the rows of wells 
of the plate. Mounted at diametrically opposite positions 
on the wheel 33 are two Hall-effect magnetic switches 35 

35 which control tho opera- 
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tion of the motor 31 and stop the injector tubes succes- 
sively in their lower and upper positions. 

Precise volumes of liquid are supplied to the injec- 
tor tubes 19 by means of a peristaltic pump 36 driven by 
an AC motor 37 and mounted in the rear of the casing base 
part 2. The liquid is supplied to the injector tubes 
through flexible tubes 38 connected to the upper ends of 
the injector tubes and is withdrawn from a liquid contain- 
ing trough 39 also mounted in the rear of the base part 2. 
Upon actuation of the AC motor 37 i the peristaltic pump 
supplies a precisely predetermined volume of liquid to 
the injector tubes and produces a drop of the liquid at 
the lower end of each injector tube. Upon lowering of the 
injector tubes into a row of wells 16, the drops of liquid 
at the ends of the injector tubes contact the surface of 
liquid in the wells and axe removed from the ends of the 
tubes by surface tension. Stopping of the motor 37 at 
the end of a pumping step is controlled by a Hall-effect 
magnetic switch *l0 (Fig. 3). 

In the closed position of the cover 6, the various 
components described above and mounted in the base part 
of the casing are all enclosed in the light-proof housing 
formed by the base part and cover. 

The control circuitry for the apparatus is illus- 
trated in Pig. 3- The portion of the circuit enclosed 
within the dotted line box hi is disposed in the casing 1 
of the apparatus whilst the remainder of the circuit is 
arranged as a separate data processing unit. The circuitry 
of the casing includes terminals h2 for connecting the 
circuit to a convenient AC mains supply which is coupled 
via a transformer *»3 tp a stabilized DC power source hk 
which provides a stabilized DC power supply to the photo- 
cells 1*t and associated high gain amplifiers, generally 
indicated at 66, via lines 1»5. The amplifiers are mounted 
adjacent the photocells on a single printed circuit board 
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housed in the arm 1 5 of the carriage 1 6a in order to avoid 
long leads between the photocells and their associated 
amplifiers. Also included in the circuitry within the 
casing is a logic control circuit h6 for the AC motors 
5 31*37 which reciprocate the injector tubes and drive the 
peristaltic pump, and a driving circuit 47 for the stepp- 
ing motor 23 which advances the carriage. The magnetic 
switches 35 t hO controlling stopping of the motors 31,37 
are connected to the logic control circuit k6 via lines 

10 ^8,^9, respectively. There is also an additional Hall- 
effect magnetic switch 50 associated with the carriage 1 6 a 
which determines the start position of the carriage prior 
to commencement of a detection sequence on a multi-well 
plate. When the carriage is returned to its start posi- 

15 tion, the magnetic switch 50 signals the logic control 

circuit h6 f via the line -51 , which switches-off the driving 
circuit and indicates to the logic control that the appara- 
tus is in the start position. AC power for the motors 
31»37 is supplied to the motors, via the logic circuit h6, 

20 from a transformer 52 connected to a convenient AC source. 
The data processing unit comprises terminals 53 for 
connecting the unit to a convenient AC mains supply which 
is coupled, via a transformer 5**, to a DC power source 55 
for supplying DC power at the required voltage to the 

25 circuit components of the processing unit. The latter 
comprises an analogue-digital converter 56, a micro- 
processor 57 controllable by a keyboard 58, a display 
control circuit 59 for controlling a visual display unit 
60, and a two-parj; memory circuit 61 which includes a pre- 

30 programmed memory and a random access memory. The cir- 
cuits 56-61 are supplied with power from the power source 
55, via a line 62, and are inter-connected by a data buss 
63. The power source 55 is also connected, via lines 6**, 
to supply DC power to the logic control circuit *i6 and 

35 the driving circuit **7, whilst a pscudo earth or ground 
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lead 65 from the stabilized power source is connected to 
photocell and amplifier circuitry 66 and also the analogue- 
digital converter 56 in the data processing unit. The 
purpose of this is to avoid differences in earth potential 
between the amplifiers and the converter which would affect 
the accuracy of the results in view of the very small volt- 
age output signals produced by the amplifiers. The output 
signals from the eight amplifiers are fed to the analogue- 
digital converter 56, via eight lines 67. The micro-pro- 
cessor 57 is connected to control the logic control circuit 

h6 via lines 68. 

The amplifier associated with each of the photocells 
14 is a very high gain amplifier, the circuit of which is 
illustrated in Fig. h. This amplifier converts the very 
small current signals (of the order of 1 fA) produced by 
the photocell, as a result of detecting luminescence in 
a well of a micortitration plate, into a voltage output 
signal and amplifies the signal to a voltage of the order 
of 1 to 10 millivolts. The circuit comprises the photo- 
cell 14 connected across the input to the amplifier 69 
which is supplied with stabilized DC voltage from the power 
source kh, via the lines k5. A feedback loop comprising 
a resistor 70 and capacitor 71 in parallel is connected 
between the output terminal 72 of the amplifier, which is 
connected to the analogue-digital converter 56, and one of 
the inputs 73 Qf the amplifier. The pseudo earth 65 of the 
power source hh is connected to the junction between the 
photocell and the other input to the amplifier. A zeroing 
circuit including fixed and adjustable resistors 7*»,75 in 
series is also connected to the amplifier to permit adjust- 
ment of the amplifier to achieve a zero bias in dark con- 
ditions when no light impinges on the photocell. 

In order to achieve the high gain required to convert 
the small current signals produced by each photocell into 
an adequate voltage output signal of the abovementioned 
order, the feedback loop must have an ultra high resxs- 
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tance, of the order of 10 ohms. This resistance is 
higher than the resistance of the material of the printed 
circuit board on which the amplifier is mounted and, 
hence , in order to avoid the resistance of the material 
of the board, vhich in a conventionally mounted amplifier 
is, in effect, in parallel with the resistance of the 
feedback loop, from reducing the resistance value of the 
feedback loop, the output terminal 72 of the amplifier, 
to vhich the feedback loop is connected, is arranged to 
be spaced from and out of contact with the material on 
the board and the resistor and capacitor 70,71 are spaced 
from the board. The purpose of the capacitor 71 t the 
value of which is of the order of 30 to 100 pf , connected 
in parallel with the resistor 70, is to prevent drift. 

The apparatus is operated in the following manner. 
A conventional multi-well plate 10 containing samples and, 
if necessary, one or more reagents required for producing 
luminescent reactions, although not the final reagent 
for instigating such reactions, is disposed on the plate 
support in the apparatus. For example, when testing 
urine, urine samples are placed in the wells of the plate 
together with an enzyme for leaching ATP from cells in 
the urine. If ATP is leached from the cells, this will 
luminesce when mixed with lucif orase-containing reagent, 
the latter being added via tho injector tubes 1 9 of the 
apparatus in order to instigate the luminescent reactions 
at tho required moment. Having located tho plate on the 
plate support 9, the cover 6 is closed so that the plate 
is contained within the light-proof casing. 

To commence a detection cycle, the keyboard 58 is 
actuated in order to cause the stepping motor 23 to return 
the carriage 16a to its start position. Upon return of 
tho carriage to its start position, tho magnetic switch 
50 produces a signal indicating that tho apparatus is in 
condition to commence a detection sequonce. The start 
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position is such that the photocells and injector tubes 
are spaced a predetermined distance to the rear of the 
first row of cells of the plate. In this position, the 
micro-processor 57 can be operated, by the keyboard, to 
5 monitor the readouts from the photocells 1% and produce 
a base line reading which should show no light present in 
the casing 1. Thereafter, the micro-processor is operated, 
via the keyboard, to initiate the first detection cycle, 
whereupon, in response to control signals derived from tho 

10 micro-processor and memory 6l,the following cycle of 
operations occurs : - 

(a) the carriage 16a is stepped forward to align 
the photocells 14 and injector tubes 19 with the first row 
of wells 16 of the plate: 

15 (b) the peristaltic pump j6 is actuated to supply 

liquid for instigating luminescent reactions from the 
trough 39 to the injector tubes 19 and produce a droplet 
of the liquid at the end of each tube: 

(c) the motor 31 is actuated to lower the arm 18 
20 and injector tubes into the row of wells so as to intro- 
duce the droplets of liquid into the substances in the 
wells and instigate the luminescent reaction: 

(d) the signals produced by the photocells 14, on 
sensing luminescence, are fed to the analogue-digital 

25 converter 56 and are scanned in succession under the con- 
trol of the mic^o-processor, the converter produces digi- 
tal signals corresponding to the magnitude of the scanned 
samples and thepe digital signals are stored in the random 
access part of the memory circuit 61 to provide a measure- 

30 ment of the average intensity of light omitted by the 

luminescent reaptions occurring in each cell over a pre- 
determined time period: 

(e) during the detection cycle, the motor 31 is 
actuated in order to raise the injector tubes from the 

35 wolls preparatory to advance of the carriage to the next 
row of wells. 



0025350 



-13- 

In response to actuation of the keyboard 58, the 
results of the first detection step can be extracted from 
the memory 61 and, under control of the display control 
circuit 59t can be displayed on the visual display unit 
5 60 for examination by an operator. The next detection 
cycle can be initiated automatically in response to ter- 
mination of the first cycle so that a series of readings 
are automatically obtained for each row of veils on the 
plate and are stored in tho memory. Alternatively, 

10 initiation of the next cycle can be controlled in response 
to actuation of the keyboard. In either event, the series 
of readings obtained, in addition, or alternatively, to 
being displayed on the visual display unit 60, can be 
recorded on a printed or punched tape (not shown) . 

15 Whilst a particular embodiment has been described, 

it will be understood that modifications can be made 
without departing from the scope of the invention as 
defined by the appended claims. For example, instead of 
connecting a single amplifier 69 having an ultra high 

20 resistance feedback loop to each photocell detector Ik, 

a plurality of amplifiers may be used having proportionally 
smaller resistances in their feedback loops. The use of 
more than one amplifier improves the speed of response of 
the equipment . 
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CLAIMS 

1 . Apparatus for detecting luminescence produced by 
luminescent reactions conducted in a multi-veil plate 
(10), characterized by a plate support (9) for supporting 
said multi-well plate, photo-detecting means (14) for 
sensing the luminescence produced by reactions conducted 
in individual wells (16) of the plate and producing sig- 
nals corresponding to the intensity of said luminescence, 
liquid injecting means (19,36) for introducing a prede- 
termined volume of liquid into each well for instigating 

a luminescent reaction therein, and a casing (l) enclosing 
at least the plate support (9) and the photo-detecting 
means (14) within a substantially light-proof housing. 

2. Apparatus as claimed in claim 1, characterized in 
that the plate support (9) is adapted to permit trans- 
mission of light from the wells (16) of a multi-well plate 
through the plate support, and the photo-detecting means 
(14) is arranged so as to be adjacent the bottoms of the 
wells of a plate disposed on the plate support. 

3. Apparatus as claimed in claim 1 or 2, characterized 
by means (15,16 2 ,18) mounting the photo-detecting means 
(14) and the liquid injecting means (19), said mounting 
means and the plate support ( 9 ) being relatively movable 
so that the wells of a plate are injected with liquid and 
the resulting luminescence is detected in a predetermined 
sequence, 

4. Apparatus as claimed in claims 2 and 3, characterized 
in that the photo-detecting means includes a row of photo- 
detectors (14) corresponding to a row of wells (16) of a 
plate and disposed closely adjacent the bottoms of the 
wells when said plat, is disposed on the plate support (9), 
and said liquid, injecting means comprises a row of injector 
means (1 9 ) corresponding to a row of wells of the plate 

and disposed above the plate support and further character- 
ized in that the mounting means (I5,l6a,l8) simultaneously 
supports the photo-detectors and injector means in opera- 
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tive relation with the same row of wells, and said mount- 
ing means and plate support are adapted to be relatively 
movable, whereby said rows of wells of said plate are 
successively disposed in register with said photo-detectors 
and injector means. 

5» Apparatus as claimed in claim k t characterized in 
that the plate support (9) has an opening (13) therein 
permitting transmission of light from the wells through 
the plate support, said opening including a grid-like 
structure (17) of opaque partitions which form individual 
compartments for containing at least the bottom portions 
of the wells and shield the luminescence produced in one 
well from impinging on a photo-detector (1*0 arranged to 
sense the luminescence in an adjacent well, whereby to 
prevent the occurrence of cross talk. 

6. Apparatus as claimed in claim 5, characterized in 
that the plate support (9) is stationary and the mounting 
means comprises movable carriage (16a), and further char- 
acterized by means (18,2**) mounting the injector means 
(19) on the carriage for reciprocation along a path sub- 
stantially perpendicular to the plate support so as to 
lower and raise the injector means relatively to the plate 
wells (16), means (21,23) for advancing the carriage in 
steps relatively to the plate support, whereby to position 
the photo-detectors (1*0 and injector means (19) succes- 
sively in register with the rows of wells of the plate, 
means (25,31,33) for lowering and raising the injector 
means in response to each advancing step of the carriage, 
and control means for controlling actuation of the appara- 
tus so as successively to instigate luminescent reactions 
in each row of wells of the plate and cause the photo- 
detectors to sense tho intensity of said luminescent 
reactions in each row. 

7 # Apparatus as claimed in any preceding claim, char- 
acterized in that the liquid injecting means includes a 
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pump (36) for supplying precise predetermined volumes of 
liquid to the injector means (19) for delivering the 
liquid into the wells. 

8. Apparatus as claimed in any preceding claim, includ- 
ing amplifying means connected to amplify the output 
signals from the photo-detecting means (1**). » 

9. Apparatus as claimed in claim 8, characterized in 
that the amplifying means (69) is mounted on a printed 
circuit board and includes a feedback loop (70,71 ) having 
an ultra high resistance connected between output and 
input terminals of the amplifying means, and further 
characterized in that the amplifying means is mounted on 
said printed circuit board with said output terminal 
disposed out of contact with and spaced from the printed 
circuit board material. 

10. Apparatus as claimed in any preceding claim, includ- 
ing data processing means f$T storing and processing the 
signals produced by the photo-detecting means (1*0 and 
for presenting said signals in a suitable form for reading 
and recording. 
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